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I 
 
Abstract 
 
Enteral feeding is an important daily task for a patient that is unable to consume food 
orally.  Due to user errors and the lack of unique medical connectors, in many situations there 
have been cases of misconnections. Some of the misconnections have resulted patient death and 
to prevent these situations in the future, the International Organization for Standardization (ISO) 
has formulated ISO 80369-1. This describes the guidelines for a small-bore fluid connector 
design for enteral applications. The team worked on a variety of design concepts to replace 
Boston Scientific’s ‘Endovive Enteral Feeding Replacement’ device and the ‘Low Profile Button 
Replacement’ device. These designs were subject to critical design reviews coupled with 
augmentations which resulted in a final design with a unique rotatable connector for enteral 
feeding. The feeding system has a two layer design attached to the abdomen with a unique 
connector that fits and locks into the feeding system. The final design also contains O-rings and 
silicon seals that ensure the connector does not leak. Prototypes were built to test the various 
designs functionalities. 
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Introduction 
 
Enteral feeding is a process that involves the delivery of nutrients directly to the patient’s 
stomach or the intestines by means of a feeding or gastrostomy tube [6]. This procedure is 
typically conducted to provide nutrition when a health or physical condition makes it difficult, 
unsafe, or impossible to take food thorough ones mouth. Depending on the patient’s health or 
physical situation, enteral feeding could last from anywhere between a few weeks to their entire 
lifetime.  
The gastrostomy tubes that connect to the stomach through the abdominal wall vary 
among manufacturers. One type is a Percutaneous Endoscopic Gastrostomy or P.E.G tube, which 
is used for initial feeding purposes. These are long tubes, which contain a stopper or a balloon 
like structure that prevents the tube from coming out of the stomach (Figure 1, 1-A). The other 
end of the tube is external to the body and is attached to a connector for syringe feeding (Figure 
1, 1-B).  
P.E.G tubes are usually replaced by ‘skin-level’ devices after the patient is familiar with 
the feeding procedure. Balloon type devices and buttons are two such skin-level devices which 
connect directly to the stomach. Balloon devices usually have a small balloon (filled with 
saline/water) which keeps the device from coming out of the stomach Figure 1, 1-C. The button 
design on the other hand, shown in Figure 1, 1-D, has a mushroom like structure that performs 
the same function. Both these devices are connected to the syringe by means of a feeding tube 
that is usually color coded or has an identification feature (e.g. keyway) to prevent any potential 
misconnections. Balloon devices also have a rotatable locking feature which prevents the tube 
from disconnecting during the feeding process.      
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Figure 1: Gastrostomy Tubes [1] 
 
The feeding devices mentioned in the previous paragraph, fall under the category of 
enteral feeding devices that are left attached to the patients after surgery. The other categories 
include urethral and urinary, limb cuff, neuraxial, intravascular and breathing systems. These 
semi-permanent devices increase the risk of misconnection between them, which could result in 
patient trauma and even death. This serious issue was identified by the ISO and as a result a new 
standard, ISO 80369-1 [7] was drafted, which outlines the need and requirements for newly 
designed small bore fluid connectors. The goal of this project is to develop and design a unique 
feeding connector under the enteral feeding product category for Boston Scientific Corporation.  
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Background Research 
 
For patients under medical care, there are many semi-permanent devices attached to the 
patient’s body, which supply the necessary food and medication. Due to human negligence, at 
times, these devices are falsely connected. Therefore the patient is injected with the wrong 
ingredient due to multiple connection options.  
To obtain a broader view on this growing issue, current products in the market, patents as 
well as case studies on medical device misconnections were researched. Different types of 
locking mechanisms, especially those used in medical devices were researched. Each of these 
categories was thoroughly investigated. 
 
Case Studies 
 
The United States Food and Drug Administration (FDA) released the Medical Device 
Safety Calendar in January of 2009. Some of these cases are mentioned below [2].  
Figure 2 shows a fatal connection where the feeding tube was misconnected to the 
tracheal tube. As a result, milk was delivered to the lungs of the baby, which resulted in death.  
 
 
Figure 2: Feeding Tube misconnection to Tracheal tube [2] 
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For the case study shown in Figure 3, the enteral feeding male connector was 
misconnected to the ventilator in-line suction catheter. As a result, the contents from the feeding 
tube went into the patients lungs causing death. All the components of the in-line suction catheter 
were colored light blue whereas the feeding tube connector was colored bright red and still the 
feeding tube was connected. Here is a clear fact that color wasn’t taken into consideration. 
   
 
Figure 3: Enteral Feeding Tube Misconnected to the Ventilator in-line Suction Catheter [2] 
 
In the next case study, a child had an intravascular (IV) and a gastric tube connected for 
receiving medication and food. When the child’s gown was being changed, a family member 
accidently connected the IV tube to the enteral feeding tube. Fortunately, the misconnection was 
caught quickly and the patient was not harmed. This incident is presented in Figure 4. 
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Figure 4: IV tube connected to the Enteral Feeding Tube [2] 
 
Patents 
 
To gain knowledge of the current designs that exist, several patents related to enteral 
feeding were researched. Patent number 6,019,746 [3], shown in Figure 6 and Figure 5, is a low 
profile gastrostomy-feeding device. The design objective of this patent was to implement a 
device that is easy to manufacture and implement. The device was also made to have a tubular 
member provide an air lumen without a considerable increase in its diameter.  
This device contains a one way check valve inside the lumen near the connector end. It 
should be noted that this device is small in size, has a low profile and is easy to use. The 
disadvantage of this design is that the connector itself is circular in shape as seen in (Figure 5). 
Any other feeding tube that is circular and has a taper could fit in this design which permits 
interconnectability. 
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Another patent examined was the US Patent no. 20,100,185,159 [4]. This device is also a 
low profile enteral feeding connector (Figure 7). The device and the male part of the feeding tube 
have a unique oval design where a conventional circular tube would not connect. However, any 
tube that has a smaller end than the oval connector would still fit in.  Due to this fact, this design 
would fail to comply with the new standard. 
 
Figure 7: Low-Profile connector (20,100,185,159) [4] 
Figure 5: Top view (Pat. 6,019,746) [3] 
Figure 6: Front View (Pat. 6,019,746) [3] 
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US patent no 5,836,924 describes a feeding apparatus invention which has a user-
activated rotatable feeding valve [5]. The device is used in conjunction with a regular feeding 
connector. The feeding connector is joined to the user activated valve, which can be turned on 
and off by rotating the connector. The main advantage of this device is that there is no valve 
degradation since the valve is contained on the feeding connector. Besides this, the feeding 
connector does not require any external device for decompression of the stomach gasses since 
the connector itself provides the channel for decompression once the valve is open. The feeding 
device connection is in parallel to the abdominal wall whereas in most devices it is 
perpendicular. Figure 8 shows multiple views of the device.  
 
 
 
 
Figure 8: Feeding Design (5,836,924) [5] 
 
 
The rotating feeding connector is tall in comparison with patents 20,100,185,159 and 
6,019,746. Also, the horizontal insertion of the feeding tube might prove to be difficult and 
uncomfortable for patients.   
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Current Boston Scientific Enteral Feeding Devices 
 
Endovive Enteral Feeding Replacement Device: 
The Endovive replacement device (Figure 10) is very similar to the US patent 6,019,746 
[3] which was discussed under ‘Patents’. The device connects by the means of a feeding tube 
which has a key. After aligning the key with the slot in the device, the tube is inserted and 
rotated clockwise to lock. The duckbill check-valve, which is positioned just below the opening 
of the device, is pushed open by the feeding tube during insertion.  
Although the design is lean and low-profile, a disadvantage is that any other device 
which has a smaller circular cross-section than the opening of the device can fit in. The project 
team will take this device as the base design for most initial designs and make improvements on 
it.  
Low Profile Button Replacement: 
The low profile button is a feeding device entirely made up of silicone (Figure 9). The 
valve, which is primarily a silicone flap, is designed to prevent stomach fluids from spilling 
outside the tube. It is positioned at the junction of the silicone balloon and the tube. The valve 
opens up during feeding due to the pressure of the food. 
However, this design provides a challenge when it comes to decompression of the 
stomach gases since the one way valve only operates from fluid flow and not due to the insertion 
of the device. The button comes with a steel pin which has to be inserted into the lumen of the 
tube to open the valve for decompression which is a separate process from feeding. This is an 
additional step when compared to devices in which the valve opens up during insertion of the 
feeding tube. When designing the feeding connector, the team will take into account this issue 
and avoid it.  
The other issue with this device is the silicon connector which permits other tube 
interconnections. Also according to the ISO 80369-1 [7] standard, which is explained further 
under the ‘Task Specification’ section, the device needs to be developed using a rigid to semi-
rigid material, hence the silicon connector would have to be changed completely [7].  
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Figure 9: BSC Low Profile Button 
Replacement Device 
Figure 10: BSC Endovive 
Replacement Balloon Device 
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The Design Process 
Goal Statement 
 
The goal of this project is to design and develop a low profile small bore enteral feeding 
connector. The connector should be in compliance with the ISO standard 80369-1 [7]. The 
general requirement of this standard is to prevent misconnections with other medical devices.  
 
Task Specifications  
 
The following guidelines for the design specifications were taken from the ISO standard 80369-1 
[7].  
- Only rigid and/or semi rigid material can be implemented in the design. Rigid materials 
have a modulus of elasticity (E) greater than 3343MPa. For the semi rigid materials, E is 
between 69 Mpa-3433 MPa.  
- The small bore, which is defined as the inner-fluid pathway of a connector, should have 
an inner diameter less than 8.5 mm. 
- The design should not include a 6% tapered luer / non-luer lock design. 
- The standard requires the following six applications to be non interconnectable within 
each other: 
 Breathing systems and driving gases  
 Enteral and gastric  
 Urethral and urinary  
 Limb cuff  
 Neuraxial or 
 Intravascular or hypodermic. 
- The connector shall have a means to prevent inadvertent disconnection. 
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In addition to the task specifications discussed above, the project team developed another set 
of guidelines for the design process.  
- The device should be low profile1 i.e. the overall height of the device (excluding the male 
component) should not exceed 0.5 inches. 
- The device should be operable using one hand to assist elderly/self-care patients.  
 
 Design Phase 1: Initial Designs Concepts 
 
The goal of this project is to create an enteral feeding device that is unable to interconnect 
with the six categories mentioned under ISO standard 80369-1 [7]. Some of the initial design 
concepts for the device were drafted by observing common consumer items such as sliding 
cellphone covers, USB port connections, co-axial wires etc. 
 
The main factors that were considered in this initial design phase were:  
- Unique connection: Device is only operable using the given male and female connectors.  
- Easy to operate: A design that can be operated by one hand  
- Low profile design 
- Can food/gas come back out from the patient once the feeding has completed 
- Is the device easy to clean via flushing or other methods 
 
Design 1- Slider Design 
By examining the mechanical designs of current products, the team was able to create 
preliminary designs for analysis. Design 1 utilizes a sliding mechanism concept of certain cell 
phones (Figure 11).  
                                                          
1 The enteral feeding device remains on the torso of the patient after feeding is completed and 
therefore, it should have minimal height.  
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Figure 11: Cell phone with slider design 
 
 
Figure 12: Design 1- Slider Design 
 
Design 1 consists of four major components; the top part, base, feeding port and the pins. 
The top part (part 2) slides on the top surface of the base component (part 1), which constitutes 
the distal end of the device. The horizontal motion of the top part is restricted by the use of guide 
pins (Figure 12). The square shaped cutouts in parts 1 and 2 have to be aligned for the male part 
to be inserted, which would then push open the valve on the bottom of the base component (part 
2).  
- Base component (1) 
- Top component (2) 
- Feeding tube pin (4) 
- Pins (3) 
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Design 1 has a square port which is not very common in the medical industry which 
would give this design its unique connection. This still does not overcome the issue of avoiding 
misconnections as any smaller sized feeding port could still be inserted in the device. Other than 
that, the device is fairly simple to use since it only includes the horizontal movement of the top 
part (part 2) and a downward vertical motion of the feeding port for valve actuation. Since there 
are only two components in the device that move against each other, the top part (part 2) and the 
base (part 1) can be dimensioned very thin, which ensures that the overall height of the device is 
small. Due to these features, the slider design satisfies the basic requirements for easy operation 
and a low profile nature.  
 
Design 2 – Push-in valve 
Many devices for enteral feeding and intravenous drips use similar tapered tube designs 
which increase the frequency of misconnections. A different approach for was taken and an “I” 
shaped male and female connector was made for the second design which made sure the design 
had a distinctive shape. Besides this, the opening of the female component was provided on the 
side of the device instead of the top which give the design its low profile nature. The working of 
the device is also easy since the user has to just insert the male component (part 3) horizontally 
until it pushes the duckbill valve (part 2) and ‘snap fits’ into position.  
 
Figure 13: Design 2- Push in valve  
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Design 3 – Slipper 
           Design 3 consisted of a sliding mechanism to connect the male and female parts with a 
snap fit lock when aligned. The male connector has a blade shape at the end which pushes open 
the valve allowing the food to go through. This design allows a circular tube to enter into the 
female component. However, it blocks the tube from passing out any fluid into the patient as the 
valve would be closed. This feature gives the design its uniqueness for non-interconnectability. 
Components 1 and 2 are the male and female components respectively.  
The snap fit mechanism is released by pushing the two side pins. This device is simple to 
operate because the parts are significantly larger than other designs discussed in this section but 
are independent of ease-of-use.  
 
 
 
 
 
Figure 14: Design 3- Slipper  
- Base component (1)  
- Male component (2) 
 
 
15 
 
Design 4 – Gate Design 
The next design integrates the shape of a monitor cable connector with an automated 
push in valve mechanism. The idea behind this concept is that if anything is inserted into the 
central port of the female component (Part 1, Figure 15), the valve would not open as the motion 
of the valve is restricted by two stoppers on the side walls. The valve can only be opened if two 
pins are inserted in the outer ports of the female component and that the feeding port is inserted 
just as the ‘valve gate’ opens up and the central compartment inside the female component is 
exposed. The male component (part 2) is fashioned in such a way that it provides all the 
necessary features that synchronize the movement of the gate valve (part 3) and the feeding port. 
Since the opening of the valve is through the male part, the operation of the device becomes 
simple. Due to the uniqueness of this design, it is almost impossible for any other feeding port to 
connect and feed through this device.  
 
 
 
 
 
Figure 15: Design 4- Gate Design  
 
- Base component (1) 
- Feeding tube component (2) 
- Valves (3) 
- Pins (4) 
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Design 5 – Guide Pin  
Design 5 (Figure 16) is analogous to the previous design since it involves a similar valve 
operation technique where the user first inserts the feeding port (part 2) into the female 
component (part 1) and then manually slides the pin to actuate the valve. The feeding port of this 
design also has a unique shape which makes insertion of any other tube impossible unless it has a 
smaller diameter than the opening in the female component.  
The operation of this device is somewhat complicated as compared to other designs 
discussed in this section since it involves an additional step to open and close the valve. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
Design 6 – Bucket Design 
The components of this device are designed in such a way that part 2 is positioned inside 
part 1. Both of these parts have openings on their bottom surfaces, but are off-centered and can 
only be aligned once part 2 is rotated 180 degrees. This is achieved when the stopper on part 2 
meets that of part 1. The male component (part 3) has a feeding channel inside it which is also 
off-centered and can only enter into the base component in one orientation due to two keyways 
on the top surface of part 1. The protrusions on the male part that help the initial insertion also fit 
Figure 16: Design 5- Guide Pin  
- Base block (1) 
- Connecting block (2) 
- Pin (3) 
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into two grooves on part 2 which help to provide the torque needed to rotate the assembly. Once 
this step is completed, the user will be able to rotate component 2 until its stopper meets that of 
the base component. Once the stoppers meet, all three openings align along the same axis 
allowing a clear path for fluid flow.   
The operation of this device is also similar to the current Enteral feeding devices since 
the user has to align the keyways on the male part and rotate make the connection.  
 
 
 
 
 
 
 
Figure 17: Design 6- Bucket Design  
 
 
 
- Outer compartment “bucket” (1) 
- Inner rotating compartment (2) 
- External feeding connector (3) 
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Design Review 1- Assessment of Initial Designs 
 
To evaluate the pros and cons of the initial designs, a team consisting of engineers from 
Boston Scientific, the project advisor and the WPI team was gathered and the designs were 
ranked using a design matrix. Table 1 summarizes the evaluations of the initial designs.  
 
Design  Easy to Operate  
Locking 
Mechanism 
Misconnections 
Simplicity of 
the Design 
Design 1 
Yes, once aligned, the 
user will only have to 
slide in the 
components to assure 
the connection 
It is based on 
the position of 
the pins  
It is possible for other 
connection ports to 
connect to the square 
shape cut out 
 
There are five 
components in 
the device 
which makes it 
somewhat 
complex 
Design 2 
  
Yes, the user will only 
have to align the “I” 
shaped connection 
ports and this will 
allow the male port to 
connect to the female 
port 
 
It would be a 
snap fit  
It is possible for other 
connections to be made 
if it can fir through the 
“I” shape port. This 
would allow the valve 
to open 
Design is 
simple 
consisting of 
only 3 features 
 
Design 3 
Yes, the user connects 
the male and female 
components which 
only enter in one 
orientation. The area 
of the faces are 
relatively large which 
makes it easier for the 
user to connect 
 
It would be a 
snap fit 
connection 
which can be 
released by 
pushing the 
pins on bot 
side 
Not likely since the 
valve is only opened 
when the blade like end 
pushes into it. Most 
current medical devices 
will not have this shape 
Simple design 
consisting  of 
three features 
 
 
 
 
 
 
 
 
 
 
 
(continued) 
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Table 1: Design Review 1 Comments 
 
 
 
 
Design 4 
 
Somewhat, the user 
needs to make sure 
that the two pins are 
aligned in order to 
connect the 
components. Aligning 
 them , might be a 
difficult task for an 
elderly person or for a 
person with 
 
 
It would be 
snap fit 
 
Almost impossible 
since two pin 
connections are needed 
to open up the valve. 
Food can only go 
through one path which 
is closed until the 
valves are activated 
 
Not very simple 
due to the shape 
of the 
components  
Design 5 
 
Somewhat, it may be a 
difficult task to 
accomplish with one 
hand since the sliding 
component needs to 
be pushed once the 
connection is made. 
This is hard for a user 
depending on their 
physical capabilities 
as well as the location 
of the device on their 
body  
 
It would be 
snap fit 
 
 
Almost impossible 
since the push pin and 
circular component are 
needed to open the 
valve 
 
Not very simple 
due to the shape 
of the 
components 
 
Design 6 
 
Somewhat, the user 
will need to enter the 
tube into the circular 
port, and then rotate it 
until it hits the 
stopper. Once taking it 
out, the components 
must be aligned, this 
might be a difficult 
task for an elderly 
person or for a person 
with disabilities 
 
Unique 
locking 
mechanism 
which can only 
be completed 
if the user has 
the correct 
components 
Almost impossible 
since the final opening 
in the base is only 
activated by the 
rotational motion 
provided by the other 
components 
It is complex, 
and there are 
three main 
components to 
the design 
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These designs were discussed at a brainstorming session held at Boston Scientific 
Corporation on 28
th
 of October 2011. The participants consisted of a variety of working 
professionals including product managers, design engineers and manufacturing engineers where 
each member evaluated the designs individually. They were asked to assess the designs based on 
the low-profile nature, interconnect-ability, ease of use, ease of manufacture and the locking 
mechanism. The designs were rated through 1-5 where 1 would correspond to a bad design and 5 
would be the most optimum. The complete results of the review can be found in Appendix A. 
The summary of the results is given in Table 2.  
 
Design No Name Total Score Rank 
1 Slider 161.5 1 
2 Push-in Valve 139 4 
3 Slipper 139.5 3 
4 Gate 138 5 
5 Manual Pike 132.5 6 
6 Bucket 140 2 
 
Table 2: Summary of Design Evaluation Results 
 
At the end of the meeting, it was decided that the WPI project group would pursue the top 
three ranked designs. The next phase of the project included detailed designs of the connector 
with greater focus on its function and operation. Designs 1, 6 and 3 were therefore selected for 
further development.   
 
Design Selection Phase 2: Analysis of the Top 3 Ranked Designs 
 
Design 1 - Slider 
Design 1 was simple to operate such that the user slides the top part to align with the 
openings of the base component. After this step, the user inserts the male part which creates a 
solid connection. Different locking mechanisms were discussed by the project team where the 
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user had to insert the male part while the sliding components are misaligned. This insertion 
would unlock the slider component and then the user could slide the top part to align all the 
components on the same axis for feeding. An exploded assembly of the device can be seen in 
Figure 18. 
 
Figure 18: Design 1 - Exploded Assembly 
 
The result based upon the discussion was the addition of a lock (part 3) into the assembly. 
This lock had to be rotated about its axis to release its arm which would then allow part 2 to slide 
(Figure 18). The locking mechanism is explained in a stet-by-step process in Table 3.  The 
assembly pictures are in their ‘section-view’ orientation so that the locking mechanism can be 
clearly seen. 
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Table 3: Working of Design 1 
Position Procedure Picture 
 
 
 
Initial 
 
The lock (part 3) is engaged 
therefore it is not possible to move 
part 2 leftwards towards the 
opening in part 4. The polymer 
spring (orange) is in the relaxed 
state.  
 
 
 
 
 
 
  
 
 
 
Unlock 
 
To unlock the assembly, part 2 is 
pulled to the right, away from the 
opening in the base (shown by the 
black arrow). Once this is 
achieved, enough clearance is 
reached to rotate part 3 in anti-
clockwise direction. At this 
particular moment, the spring 
(orange) is in a stretched state and 
it would naturally try to pull back 
towards part 2. 
 
 
 
 
 
Final 
 
Part 2 is now pushed (shown by 
the blue arrow) towards the spring 
so that the openings in the part 1, 
2 and 4 are aligned.  
 
 
1 
2 4 
3 
4 
1 
2 
3 
4 
3 
1 
2 
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Design 3 - Slipper  
The slipper design had two basic components where the user would insert part 2 into part 
1 as shown in Figure 19.  When completely inserted, the male component (part 2) would have a 
slight downward displacement and this motion activates the valve, allowing food flow into the 
patient. Once the feeding is completed, to remove part 2, the user would push the two side 
buttons to release the snap fit.  
 
Figure 19: Exploded Assembly – Design 3 (Section View) 
 
An additional extrusion was added to the bottom opening of the male component (part 2) 
which allowed the valve to be pushed open once it was completely inserted into part 1. Due to 
this additional feature, the clearance between the male and female component increased giving 
part 2 vertical motion within part 1. This terminated the stability of the design as it added extra 
space for motion within the device while feeding is taking place. To counter the stability issue, a 
friction grip (part 3) was added to the top surface of the male component (Figure 19) which 
could move along the slope and engage with the female component’s roof. 
 
Design 6 - Bucket  
The bucket design contained three components. The male component (part 1) had 
extrusions that were 144 degrees apart which aligned with the grooves in the part 2 as well as 
part 3, giving only one orientation for the initial insertion. Once the first process is completed, 
the user rotates the male component (this would be guided by the stopper on part 2) and once it 
reaches the stopper on part 3, the ports on all three components align. Therefore, this device is 
relatively simple to operate and could be done by the patient using one hand. 
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Overall, only minor changes were made to the bucket design during the Phase 2 design 
process. Since most of the functions seemed as intended, a prototype was developed using the 
rapid prototyping machine at WPI. This gave the team a better understanding on which aspects 
of the design needed further improvements.  
 
Figure 20: Exploded Assembly - Design 6 
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Design Review 2-Analysis of the improved top 3 designs  
 
Design 1 proved to be valid design as it was low profile and performed the required 
function in a simple manner. However, there still remained some concerns with the design for 
compliance with the ISO standard. First off, once the feeding port (part 1) was aligned with the 
base component (part 4), there was no method to actuate the duckbill check valve. The male 
component could not perform any vertical displacement due to the addition of part 3. Besides 
this, there were no design features that would fix part 1 into the assembly. It should be noted that 
locking the male component is very crucial to the design as the back pressure from the stomach 
during the feeding process can be disengaged. These issues were worked upon in the next phase 
of the project. 
The team was also faced with a concern regarding the geometry of Design 3. The 
rectangular shape had a considerable height when compared to other designs. Several options 
were considered in order to reduce the size and to remove the large clearance between parts 1 
and 2. The second concern was the method of removal of the male component once the feeding 
procedure is completed. Through brainstorming, it was suggested that the base of part 1 could be 
made using a lower density material. Therefore, when the user pushes slightly down on the base 
of part 1, it would move downwards relative to the rest of the device, providing little room for 
vertical motion for the male component. This procedure would allow the extrusion on part 2 to 
release, allowing the user to pull it out of the assembly. Although this concept helped to solve the 
problem, it also added on to the complexity of the design because of which it was not considered 
for further improvements. 
The Bucket model integrated both ease of use and safety layers with comparison to 
designs 1 and 3. Part 2 provided the strongest safety feature in this design. It blocked the food 
port from being accessible to other devices and it also prevented gas/food coming out from the 
patient thus avoiding contact with the device. The design was low profile and therefore was 
favorable at the design review meeting. Although the design received merit, there were still some 
issues that needed to be improved upon. It was noticed that part 2 was rotatable using any device 
that could grip to the side grooves. This was observed while testing the functionality of the 
prototype, where the user was able to rotate the middle component (part 2) using their fingers. 
This raised a major concern due to the safety standards and the ISO guidelines which contradicts 
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this feature and therefore the issue had to be resolved. The reason for this feature was the lack of 
friction between parts 2 and 3 which made the rotation simple. There was also a clearance issue 
(similar to that of design 3) allowing the device to have vertical motion. 
The team brainstormed ideas on how to overcome the concerns discussed above. Many 
different approaches were brought to the table by the engineering team from Boston Scientific 
and the project advisor. It was suggested that a ‘pin-spring’ locking mechanism that is only 
activated by the male component should be integrated, thus it would eliminate the issue. Besides 
this, addition of a handle for easy rotation of the male part, sealing the device for any leakages 
and dimensions of all the components was discussed. The next step was to integrate these 
modifications into the design and develop a second prototype. By completing this, the team was 
able to evaluate the design changes which are discussed under the section ‘Modifications made 
on Design 6’. 
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Design Phase 3 and Review- Analysis and Improvement of the Top Two 
Designs  
 
Modifications made on Design 1 
The final assembly for Design 1 can be seen in Figure 21. All individual parts are labeled 
1 through 5 and are referenced throughout the next section.   
 
 
Figure 21: Design 1 - Exploded Assembly 
Based on the discussion during the second design review meeting which was held on the 
17
th
 of November at Boston Scientific Corporation, four different changes were implemented to 
design 1 in order to make it compatible with the new standard. The first change was the addition 
of two ‘pins’ on the male component (part 1-C). A cut was also made on the lock (part 3) and top 
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sliding part (part 2) of the assembly. The pins function was to lock part 1-C to part 2. Next, a 30 
degree rotation of part 1-C provided two different functions; first to allow it to lock with the 
assembly and secondly to rotate the lock (part 3) so that the part 2 is free to slide. Parts 1-C, 2 
and 3 can be seen in Figure 22 in their initial and final positions respectively. 
 
 
 
 
Figure 22: Left: Subassembly showing the male (1-C), lock (3) and slider (2) components, Top Right: Initial position (lock 
engaged, male free), Bottom Right: Final position (lock free, male engaged) 
 
A subassembly consisting of three different parts were created for the male component; a 
body casing (1-C), spring (1-B) and an inner tube (1-A). The subassembly functioned similar to a 
clicker ball-point where the inner tube maintained two different positions. In the initial position, 
part 1-A rests on a ‘relaxed’ spring within the body casing (1-C). Once the tube (1-A) is pressed 
from the top, it compresses the spring. This allows a plastic strip to clip into a hole and a 0.2 inch 
portion of the tube protrudes out of the part (1-C) from the bottom (part 4) (Figure 23). This 
extra protrusion pushes open the duckbill check valve when the slider (part 2) is in its final 
position. The tube (part 1-A) can then be brought back to its original position by pressing the 
side clip on the body casing. 
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Figure 23: Working of the male components of Design 1 (Phase 3) 
 
A complete assembly of the final models and its working prototype can be seen in Figure 
24 and Figure 25. 
 
Figure 24: Design 1 Section Views, Initial Position (left), Final Position (Right) 
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Figure 25: Design 1 Prototype 
Comments 
This design included several layers of safety features allowing only the male component 
of this device to be inserted into the female component. This is due to the unique shape of the 
male and the female ports. There is an additional locking mechanism which allows the slider part 
to move back and forth if and only if the lock is rotated be released. Another important feature is 
the push-release mechanism on the male component.  
Due to these additional features, overall, this design had a lot of merit. However, there 
were also negative aspects that arose from these changes. One being that the device had too 
many components. One of the design intents of this project was to keep the design simple so that 
it could be used by the patient, doctor or nurse with minimal instructions. This design involved 
rotational and transverse motion on the same plane, which makes it difficult to operate as 
compared to the other designs where the motions were on different planes. The shape and the 
height of the device also raised concern since the device would remain on the patient’s body 
underneath their clothing. The device also required the use of both hands for a successful feeding 
session.   
For the reasons mentioned previously it was decided that design 1 should not be pursued 
further. Even with reducing the dimensions of the components to minimize the overall height of 
the device, there were still a number of components in the final design which added complexity 
for the user. These components could not be taken out from the design as that would allow any 
other tube to be inserted into the device, thus forcing a misconnection.  
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Modifications made on Design 6 
Based on the reviews and observations made from the prototypes, several changes were 
implemented for the device to function with minimal human error. The modified final assembly 
is shown in Figure 26.   
- A handle was added to the male component 
- The length of the extrusion on the bottom surface of the male part was reduced to 
minimize the clearance  
- A pin-spring mechanism was added to the base component to eliminate the free rotation 
of the inner component 
- Overall, the dimensions were reduced to make the design more low profile 
 
 
Figure 26: Design 6 Bucket Assembly - Exploded view 
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In the team’s initial designs for this model, there was no handle that allowed the user to 
rotate the male part (part 1) once it was inserted in the device. In the modified design, the team 
added a handle which allowed the user to apply torque for easy rotation. This would assist the 
user to operate the device using one hand. 
 
 
Figure 27: Male Part - Front View 
 
The length of the two extrudes on the bottom of part 1 (Figure 27) was reduced. By doing 
so, the part perfectly aligned on the middle rotating component (part 3) and thus the clearance 
between the stoppers on the male part (Figure 27) and part 2 was minimized. Because of this 
change, the vertical displacement of the male part inside the device was eliminated and the 
overall assembly became much more stable.   
 
 
 
 
Extrusions on bottom 
Surface 
Stopper 
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Figure 28: Design 6 Middle Component (Part 3) - Top View 
 
During design review 2, it was noticed that the middle part (part 3) can be rotated by any 
external object which has a diameter smaller than the opening of part 2 (Figure 26). To avoid any 
misconnection that may occur due to this, the team decided that the most effective solution 
would be to add a pin to the bottom part (part 6) which would limit the rotation of the middle 
component. The pin was attached to a small spring and this pin-spring assembly was housed 
inside the base of the device (Figure 26).  
In Figure 28, two circular entryways are shown. Arrow A denotes the feeding port and 
arrow B denotes the location where the spring-pin mechanism (Parts 4 and 5) is placed.  
 The spring remains in a relaxed position (Figure 29-A) when the device is in its initial 
state. As the male component (part 1) is inserted, the extrusion on its base pushes the pin 
downwards which can be seen in Figure 29-B. Only this unique male component would allow for 
the rotation of the middle component (part 3). If the user tries to move it by hand, the pin would 
halt the motion.  
A 
B 
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Figure 29: Pin-Spring Function - Bucket Design, A (left): Initial Position, B (right): Final Position 
 
In order to understand the dimensions of current medical devices, the team took apart a 
number of different devices and measured them using a caliper. As a result, the team was able to 
limit each wall thickness at 0.045 inches and thus making the overall height of the device to less 
than 0.4 inches.  
Comments 
The design changes performed on this device were discussed with the project advisor and 
the engineering team from Boston Scientific on the 23
rd
 of February 2012. The final design was 
favorable since it involved insertion and then rotation of the male component which is similar to 
Boston Scientific’s current products. Also, the overall height was less than 0.4 inches therefore 
making it low profile. To make the device function even more effectively, it was suggested that 
two more features be added to the current design. It was observed that having a single O-ring 
made the device unstable. Apart from this, there was no clear indication as to when the openings 
of the three components aligned together. The WPI team was therefore advised to work on two 
more features that would eliminate these issues. Based on these modifications to design 6 and the 
less appealing features of design 1, the team selected design 6 for the final prototype section.   
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Design Phase 4: Final Edits on Bucket Design 
 
The project team came up with two different solutions for the stability issue caused by 
the O-ring, as discussed in Phase 3 of the project. One solution that was brought was to add an 
additional groove for a second O-ring. Although the second O-ring would not have any function 
related to sealing the compartment, this feature would make the geometry of the part more 
symmetric and therefore stable. The base component with two O-ring grooves can be seen in 
Figure 30 and the prototype can be seen in Figure 34-B. 
 
 
  
 
 
The O-ring groove sizes were based on the diameter of the food channel in the base 
component as well as on commercially available O-ring sizes. The dimensions of these can be 
seen in the engineering drawings under Appendix B and the initial and final positions of the 
concluding assembly with the two O-rings can be seen Figure 31. 
Figure 30: Design for two O-rings for the middle component 
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Figure 31: Design 6 Final Assembly Section View 
 
Another possible solution to avoid the instability issue was to completely remove the 
initial O-ring groove, and add a seal based on the inner outline of the bucket design. This seal 
was to cover the entire top surface of the bottom part. Although this method was not favored 
since the seal would have to be custom designed, a working prototype was still made to see the 
effects of this feature (Figure 34-A). 
 
Figure 32: Seal Design 
 
Addition of the seals and extra O-ring provided the necessary stability and friction for the 
device. Still, the design lacked a clear indication for the user to identify the 180 degree rotation 
of the male part. Current medical and consumer devices such as cell phone covers have a snap fit 
feature when it slides into its position. The team used a similar design approach to indicate to the 
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user when the device too has reached the point of alignment. In order to successfully accomplish 
this, a small cut-out was designed on the base of the female component as shown in (Figure 33). 
In the final position i.e. after the 180 degree rotation of the male component, the pin moves into 
the cut-out in a snap fit fashion. This gives the user a clear indication on when the male 
component’s final state has been reached. Since the height of the cut-out is small, a higher torque 
is needed to force the pin downwards and rotate the middle component back to its position.  
 
 
Figure 33: Middle component bottom view cut off 
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A final working prototype was printed using the facilities at Datum 3D. The parts can be 
seen in Figure 34. 
 
Figure 34: Rapid Prototype Parts 
 
A B 
D E F 
C 
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Conclusions & Recommendations 
 
Through design reviews, testing and engineering knowledge, design 6 (also known as the 
bucket design) was selected as the final design for the project. It consisted of safety features that 
only allowed its unique male component to be inserted into the device which eliminated any 
possibility for a misconnection. The two step process which includes insertion and rotation of the 
male component makes it possible for a user to operate the device with one hand thus making it 
user friendly. The design added consumer appeal based on its final dimensions, which were in a 
similar range to current Boston Scientific enteral feeding devices. This meant that the user would 
be able to go about his or her daily tasks without having a major interference from the feeding 
device.  
For future recommendations, the project team would like to suggest that the prototype 
should be re-constructed using medical grade plastic. The device should be tested for: screw and 
unscrew torque, air leakage and fluid leakage. The guidelines for these tests are given under the 
ISO 80369 [7] specifications. 
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Appendix A: Design Review 1 Results 
 
Evaluator 
Design 
No. 
Total 
Score 
Inter-
connectability 
low 
profile 
ease of 
use 
ease of 
manufacture 
locking 
mechanism 
A 1 13.5 2 2.5 2.5 2.5 4 
  2 18 4 4 3.5 2.5 4 
  3 15.5 2.5 3.5 3.5 2.5 3.5 
  4 18 4 4 4 2 4 
  5 12.5 2 4 2 2 2.5 
  6 13 2.5 2 1.5 4 3 
B 1 21 4 5 3 5 4 
  2 20 5 4 5 3 3 
  3 18 3 5 4 3 3 
  4 20 5 5 5 3 2 
  5 20 5 5 4 3 3 
  6 22 5 4 4 4 5 
C 1 22 5 5 4 4 4 
  2 15 3 3 4 2 3 
  3 15 3 3 3 3 3 
  4 17 4 4 3 3 3 
  5 15 4 4 2 2 3 
  6 17 5 2 3 3 4 
D 1 20 4 5 4 3 4 
  2 16 3 4 3 3 3 
  3 21 4 4 4 5 4 
  4 16 3 3 4 3 3 
  5 16 3 4 3 3 3 
  6 10 2 1 2 2 3 
E 1 22 5 5 4 4 4 
  2 18 3 3 5 4 3 
  3 17 3 4 4 3 3 
  4 15 4 3 4 2 2 
  5 14 5 2 3 2 2 
  6 20 5 3 2 5 5 
      
 
  
      (continued)  
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F 1 21 5 4 3 4 5 
  2 19 3 3 5 4 4 
  3 16 3 3 4 3 3 
  4 21 5 5 5 2 4 
  5 22 5 4 4 5 4 
  6 17 5 1 3 3 5 
G 1 22 3 5 5 4 5 
  2 14 4 3 3 2 2 
  3 16 4 3 3 3 3 
  4 11 3 3 2 1 2 
  5 12 5 2 2 1 2 
  6 19 5 3 4 3 4 
H 1 20 3 5 5 3 4 
  2 19 4 4 4 4 3 
  3 21 5 4 5 3 4 
  4 20 4 5 4 4 3 
  5 21 4 5 4 3 5 
  6 22 5 4 4 5 4 
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Appendix B: Engineering drawings of the final design 
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